I. Introduction
Algae are the basic members in the aquatic ecosystem and they form bloom in favourable environmental conditions. In freshwater fish pond, the nutrients enrichment by the addition of fertilizers and supplementary feeding, leads to eutrophication, thereby frequently developing algal bloom [1] . Among different classes of freshwater algae, the members of euglenophytes viz., Euglena, Phacus and Trachelomonas are commonly abundant [2] and these algae formed spectacular red bloom on the surface of the fish ponds in Bangladesh [3] . Although, algal bloom indicates high productivity of the water body concerned [4] but excessive algal bloom causing serious economic losses to aquaculture [5] . Euglenophytes bloom often leads to environmental degradation that hampered growth of fish [6] . Their bloom often create water quality problems, the most severe of which being the oxygen depletion leading to mass mortality of fish [7] . Furthermore, bloom of these algae has a blanketing effect on the fish pond, thereby preventing the entry of sunlight into water that affect the growth of beneficial algae through hampering photosynthesis. The blooms of Euglena elastica, E. gracilis and Trachelomonas charkoweinis have a significant effect in reducing the number of beneficial algal species in fish pond [8] . Therefore, an understanding of the environmental factors that enhance euglenophytes density in the fish pond is necessary to manage this problematic algal bloom.
The planktonic algal community is largely influenced by the interaction of a number of physicochemical and biological factors [9] . Moreover, the amount of organic matter in bottom soil of the pond strongly influences water quality and concentration of nutrients available to algae [10] . However, concerning the relations of environmental factors and the growth of euglenophytes, a number of research findings have been reported in different countries of the world [11] , [12] , [13] , [14] , [15] . But, the dynamics of the euglenophytes bloom in relations to environmental factors in farmers' fish pond has been poorly understood in Rajshahi, Bangladesh. Therefore, the present study was conducted to investigate the relationships of euglenophytes bloom to environmental factors in the fish ponds with a view to monitor the variation in environmental factors and euglenophytes density.
II. Materials and Methods

Duration and location of the study
The study was conducted for twelve months from July 2010 to June 2011 in nine fish ponds at three stations of Rajshahi district, north-west part of Bangladesh. Among the ponds, three bloom ponds (BP) were located at Raighati in Mohanpur Upazila (BP-R), another three bloom ponds were at Yusufpur in Charghat Upazila (BP-Y) and three non-bloom ponds (NBP) were at Meherchandi in Motihar Thana.
Study ponds and their management
The ponds were more or less rectangular in shape with area 2.5 to 3.5 dec. Water levels of the ponds varied between 3.0 and 5.5 feet. Semi-intensive culture system was practiced in the ponds. Initially, the ponds were treated with quick lime (CaO) at the rate of 1kg/dec. Fertilization of the ponds was done with both organic and inorganic fertilizers. The initial and periodic doses of fertilizers are shown in Table. 1. The ponds were stocked with fingerlings of Labeo rohita, Catla catla, Cirrhina mrigala, Hypophthalmichthys molitrix and Puntius gonionotus at the rate of 60-75 fingerlings/dec. 
Monitoring of environmental factors
The environmental factors viz., water temperature, pH, dissolved oxygen (DO), nitrate-nitrogen (NO 3 -N), ammonium-nitrogen (NH 4 -N), phosphate-phosphorus (PO 4 -P), iron (Fe), zinc (Zn), manganese (Mn) and copper (Cu) concentrations were monitored monthly. Some environmental factors were monitored on the spot. For laboratory analysis, water samples were collected from different points of each pond. Water temperature, DO and pH were determined by Celsius thermometer, HACH kit (HANNA, HI-9142) and pH meter (Jenway, 3020 UK), respectively. The concentrations of NO 3 -N, NH 4 -N and PO 4 -P were determined by using HACH kit (DR/2010). The concentrations of Fe, Zn, Mn and Cu were determined by Atomic Absorption Spectrophotometer (Model-3310).
Determination of soil organic matter
The soil samples were collected using standard method. Determination of soil organic carbon was made by the Walkley-Black method. Organic matter of soil was determined by multiplying the % of organic carbon with conventional Van-Bemmelen's factor of 1.724 [16] .
Study of planktonic algae
For studying of planktonic algae, water samples (10 L) were collected in a plastic bucket from different depth of each pond and passed through plankton net (25 μm mesh size). The concentrated samples were preserved with 5% buffered formalin. For identification and enumeration of algae, the samples were examined using Sedgewick-Rafter counting cell (S-R cell) under compound microscope (NOVEX). Identification of algae was performed according to APHA [17] and Bellinger [18] . The enumeration was done according to Stirling [19] .
Statistical analysis
For statistical analysis of the data, one way analysis of variance (ANOVA) was performed using software SPSS (Statistical Package for Social Science, version 16.0). The mean values were compared to see the significant difference from the DMRT (Duncan Multiple Range Test). Correlation analyses were performed to determine relationships between euglenophytes density and environmental factors by using software SPSS. Significance was assigned at the 0.05 level.
III. Results
Environmental factors
The environmental factors (except water temperature) in the bloom ponds (BP-R and BP-Y) showed significant difference from the non-bloom ponds (NBP) but, between BP-R and BP-Y, these factors did not show any significant difference ( Table 2 ). The water temperature showed a seasonal trend and it was over 32.0 ºC in the summer and below 17.5 ºC in the winter. The mean values of DO and pH were significantly low in BP-R and BP-Y as compared to NBP ( Table 2 ). The maximum value of DO (5.98 mg/l) was recorded in NBP in April and the minimum (4.06 mg/l) in BP-Y in November whereas the maximum value of pH (8.03) was recorded in NBP in September and the minimum (5.94) in BP-R in December.
During the study period, the concentrations of NO 3 -N, NH 4 -N and PO 4 -P in BP-R and BP-Y were almost over 1.0 mg/l, 0.65 mg/l and 0.81 mg/l whereas in NBP, these nutrients were below 0.55 mg/l, 0.30 mg/l and 0.50 mg/l, respectively. The concentrations of NO 3 -N and NH 4 -N were increased up to 1.81 mg/l and 1.49 mg/l in BP-Y whereas the concentrations of PO 4 -P were increased up to 1.86 mg/l in BP-R. The mean concentrations of these nutrients were significantly higher in BP-R and BP-Y as compared to NBP (Table 2) .
Like major nutrients, the mean concentrations of Fe, Zn, Mn and Cu were significantly higher in BP-R and BP-Y as compared to NBP ( Table 2 ). The maximum concentrations of Fe and Mn (0.78 mg/l and 0.36 mg/l) were recorded in BP-R in November and the minimum (0.11 mg/l and 0.06 mg/l) in NBP in July whereas the maximum concentrations of Zn and Cu (0.42 mg/l and 0.37 mg/l) were recorded in BP-Y in November and the minimum (0.04 mg/l and 0.07 mg/l) in NBP in August. 
Soil organic matter
Significantly higher soil organic matter was recorded in BP-R and BP-Y as compared to NBP and the values were found to vary from 5.06 to 7.98, 5.26 to 7.64 and 2.88 to 3.55% in BP-R, BP-Y and NBP, respectively.
Planktonic algal community
A total of 28 genera of algae belonging to euglenophytes, cyanophytes, chlorophytes and bacillariophytes were recorded. The number of planktonic algal genera varied from 13 to 22, 12 to 23 and 21 to 27 in BP-R, BP-Y and NBP, respectively. Relatively higher number of algal genera was recorded in NBP as compared to BP-R and BP-Y. Among four groups of planktonic algae, chlorophytes had the maximum number of genera (11) and euglenophytes had the minimum number of genera (3) which are Euglena, Phacus and Trachelomonas.
Density of euglenophytes
The density of euglenophytes was found to be ranged from 8.36 to 31.88, 8.12 to 38.79 and 2.24 to 3.67 x 10 4 cells/l in BP-R, BP-Y and NBP, respectively. Significantly higher mean density of these algae was recorded in BP-R and BP-Y as compared to NBP ( Table 3 ). The average percent contributions were 68.03, 69.79 and 17.69% in BP-R, BP-Y and NBP, respectively. In BP-R and BP-Y, these algae occupied the most dominant group in respect of density. Their density was relatively low in July-August but started to increase in September and formed its peak density in November and December with the maximum density (38.79 x 10 4 cells/l) in BP-Y. The density was started to decrease from January and it was quietly low in February, March and June, although a light increase was observed in May (Fig. 1) ). But in NBP, the density of these algae showed no significant variation in monthly observations and it was quietly low throughout the study period as compared to BP-R and BP-Y (Fig. 1) .
Among three genera of euglenophytes, Euglena (E. sanguinea) was the most dominant and Trachelomonas was the least dominant based on their density. Significantly higher mean density of these three genera was recorded in BP-R and BP-Y as compared to NBP (Table 3 ). In the total euglenophytes, average percent contribution of Euglena was 83.21, 83.50 and 95.52%; Phacus was 13.53, 13.37 and 3.07%; and Trachelomonas was 3.27, 3.13 and 1.41% in BP-R, BP-Y and NBP, respectively.
Density of cyanophytes, chlorophytes and bacillariophytes
Cyanophytes was the second abundant group of algae in BP-R and BP-Y but in NBP, it was the most abundant group. Bacillariophytes was the least abundant group of algae. Significantly higher mean density of cyanophytes, chlorophytes and bacillariophytes was recorded in NBP as compared to BP-R and BP-Y (Table 3 ).
Correlations between euglenophytes density and environmental factors
In correlation analysis, it was observed that euglenophytes density in the blooms ponds (BP-R and BP-Y) was negatively correlated with water temperature (r = -0.407 and -0.432; P<0.05), DO (r = -0.807 and -0.806; P<0.05) and pH (r = -0.905 and -0.868; P<0.05) whereas the density of these algae was positively correlated with NO 3 -N (r = 0.949 and 0.914; P<0.05), NH 4 -N (r = 0.793 and 0.815; P<0.05) and PO 4 -P (r = 0.793 and 815; P<0.05). The density of these algae was also positively correlated with Fe (r = 0.886 and 0.868; P<0.05), Zn (r = 0.902 and 0.895; P<0.05), Mn (r = 0.809 and 0.813; P<0.05) and Cu (r = 0.782 and 0.824; P<0.05). From the results, it was observed that euglenophytes density was increased with decreasing water temperature, DO and pH, and with increasing nutrients and heavy metal concentrations whereas the density showed a declining trend with increasing temperature, DO, pH, and with decreasing nutrients and heavy metals concentrations. 
IV. Discussion
Planktonic algal community
Planktonic algal community structure is regulated by environmental factors, growth rate of algal species and specific rate of loss attributed to grazing, sedimentation and dilution [20] . In the present study, a total of 28 genera of planktonic algae were recorded belonging to euglenophytes, cyanophytes, chlorophytes and bacillariophytes. The total numbers of planktonic algal genera recorded in the present study are close to the findings of Wahab et al. [21] and Affan et al. [22] who recorded 26 and 27 genera of planktonic algae in the fish ponds of Bangladesh. Rahman and Khan [3] recorded 34 genera of algae belonging to euglenophytes, cyanophytes, chlorophytes and bacillariophytes from the fish ponds in Bangladesh which are diverged from the present study.
The result of the present study showed that the number of algal genera in the bloom ponds were low as compared to the non-bloom ponds. This might be due to the variations in the environmental condition as confirmed by the values of environmental factors in the study ponds. This assumption is consistent with the findings of previous report that aquatic environments are subject to high temporal variation with frequent reorganization of algal communities, as a result of interaction among physical, chemical and biological factors [9] . In the present study, euglenophytes algae were occurred with three genera viz., Euglena, Phacus and Trachelomonas. Previous phycological studies have been reported that euglenophytes algae were occurred by three genera, Euglena, Phacus and Trachelomonas among which Euglena was the most dominant in the fish ponds of Bangladesh [3] , [6] , [7] , [22] . These reports are fairly well supportive to the present study.
Variation in euglenophytes density
Euglenophytes algae are cosmopolitan, inhabiting very wide range of water environments [23] and often predominant in eutrophic waters including high organic and inorganic contents [24] , [25] . In the present study, euglenophytes was the most abundant group of algae on the basis of density followed by cyanophytes, chlorophytes and bacillariophytes in the bloom ponds. This finding is agreed with the report of Mishra and Saksena [26] who stated that euglenophytes density is higher than other group of algae in eutrophic water bodies. Higher concentration of soil organic matter and inorganic nutrients in the bloom ponds indicated that these ponds were highly eutrophic which might be enhanced the density of euglenophytes. The present results accord with the previous reports that euglenophytes are abundant in locations rich in organic and inorganic matter [27] , [28] , [29] . Physico-chemical parameters of water may account for algal proliferation resulting in algal bloom and influence algal succession [30] . During the present study, the density of euglenophytes showed an increasing trend from autumn to winter and peaked in late autumn (November) and early winter (December) with Euglena as the dominant genus whereas in summer, monsoon and spring season, the density of these algae was dropped. The present results are in conformity with the report of Dewan [31] who stated that plentiful growth of euglenophytes occurred in the fish pond from September to December. Present finding is accord with the report of Affan et al. [22] who recorded late autumn (November) dominance of euglenophytes in aquaculture ponds with Euglena as the dominant genus. The present findings are also agreed fairly well with the opinion of Park and Chung [32] who stated that euglenophytes density increased in winter. Kim and Boo [2] reported bimodal pattern of euglenophytes density, being maximal in the winter and in the early summer. This report is partially supportive to the present study.
Correlations between euglenophytes density and environmental factors
The results of the present study showed that the variation in density of euglenophytes in the study ponds were related to some environmental factors viz., water temperature, dissolved oxygen, pH, nutrients and heavy metal concentrations. During the study tenure, bloom of euglenophytes with maximum density was recorded in November and December when water temperature was relatively low whereas the density was relatively low when temperature was relatively high. In correlation analysis, it was observed that euglenophytes density showed negative correlation with water temperature. This result is consistent with the previous report that some euglenoids showed positive relation to low temperature those are abundant in winter [2] . The present result is also agreed with the report of Park and Chung [32] who stated that the euglenophytes proliferate its' peak at low temperature. Rahman et al. [6] observed thick bloom of euglenophytes in experimental fish ponds at relatively higher water temperature. This finding is contrasting to the present study which might be due to the variation in responses of algal species to temperature changes or variation in geographical position or variation in other specific environmental factors.
The density of euglenophytes showed negative correlation with DO concentration and the maximum density was recorded at lower DO concentration. This result is consistent with the previous reports that euglenophytes proliferate in the environment poor in DO concentration [6] , [11] . The oxygen deficits condition can be helpful to trigger the oxygen-iron-phosphate complex, releasing larger quantities of phosphorus and iron which might be enhaned the proliferaion of euglenophytes [24] . During the present study, it was observed that euglenophytes density negatively correlated to pH values and the density increased at acidic pH (less than 6.5) and showed a declining trend with increasing pH values. This finding is supported by the earlier report that algal abundance increased when the pH of water lowered from 6.6 to 5.0 [33] . The result showed that pH value <6.5 was conducive for increasing density of euglenophytes. Zakrys and Walne [12] stated that Euglena gracilis grow well at acidic pH. Euglena mutabilis and Euglena gracilis are acid tolerant, growing optimally at pH 2.5 to 7.0 [34] . The findings aforementioned are consistent to the present result. Nonetheless, it is obvious that euglenophytes can grow quietly less in number at alkaline pH (>7.5) but pH value less than 6.5 is suitable for their bloom formation.
According to the present study, the nutrients viz., nitrate, ammonium and phosphate concentrations were significantly abundant in the bloom ponds as compared to the non-bloom ponds. In correlation analysis, it was observed that euglenophytes density positively correlated to nitrate, ammonium and phosphate concentrations. The present results indicated that euglenophytes favoured to a combination of higher concentrations of nitrate, ammonium and phosphate nutrients. The present findings are conformity with the previous studies which reported that euglenophytes become abundant in higher concentrations of nitrate-nitrogen [6] , [35] , [36] , ammonium-nitrogen [2] , [36] and phosphate-phosphorus [3] , [13] , [37] . In correlation analysis, it was also observed that euglenophytes density was positively correlated to heavy metal concentrations (Fe, Zn, Mn and Cu) and the density showed its peak at higher concentrations of these heavy metals. The present finding is agreement with the report of Duttagupta et al. [36] who stated that euglenophytes bloom found to be induced by higher concentrations of Fe, Mg, Cu and Zn, and whereby their concentrations declined leading to a collapse of the bloom. The present result is also consistent to the report of Hutchinson and Nakatsu [38] who stated that Euglena density increased at higher concentrations of Fe, Zn, Mn, Al and Cu.
In relation to the role of the nutrients and heavy metals on euglenophytes density, it seems to be clear that the major nutrients (nitrate, ammonium and phosphate) and heavy metals (Fe, Zn, Mn and Cu) constitute the important regulatory factors for their bloom formation, since the concentrations of these nutrients and heavy metals were quietly low in the ponds where the bloom did not occur.
V. Conclusion
The overall study revealed that euglenophytes density in the fish ponds showed a seasonal variation with the higher density in autumn to winter and the lower density in summer, monsoon and spring season. Temperature, DO, pH, nutrients (nitrate, ammonium and phosphate) and heavy metals (Fe, Zn, Mn and Cu) contributed to the variation in density of these algae. Higher concentrations of nutrients and heavy metals under lower water temperature, DO and pH (acidic) enhance their density attributed by the active growth of Euglena (E. sanguinea). Further study at the sampling frequency of several days in a month for several years would allow more accurate correlation of changes in the density of euglenophytes and environmental factors. 
